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TITLE 

LAMINATING PROPYLENE / 1 -BUTENE RANDOM COPOLYMER 

COMPOSITION 
AND COMPOSITE FILM USING THE SAME 

5 

FIELD OF THE INVENTION 
The present invention relates to a laminating 
propylene/ 1-butene random copolymer composition which is 
suitable for use in a laminate layer of a composite film 
1 0 and relates to a composite film formed using the 
composition. 



BACKGROUND OF THE INVENTION 
U\ The efyg-fe gilmg - polypropylene film -±5" excellent j*n 

A A 

1 5 mechanical properties such as tensile strength, 

rigidity, surface hardness, impact resisting strength 
and cold resistance, optical properties such as gloss 
and transparency and food sanitation properties such as 
k'V. nontoxicity and odorlessness. The .cri^Jtaliia^- 

2 0 polypropylene film is widely employed in the field of, 

especially, food. 

However, -fcfre crystalline polypropylene film is high 
(a — i«r-irh^ heat sealing temperature *af*=L small in the range 

A 

-trhea^e4^ so that there occur problems of poor welding of 
2 5 heat seal portions and fusion thereof. Thus, for 
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solving the above heat sealing problems of the 
crystalline polypropylene film/ it is common practice to 

a mold cl 

^ -conduct— a laminate 4iuildifi§M^£--s- resin layer which is to 

become a heat seal portion to a surface of the 
5 crystalline polypropylene film. 

A variety of resins have been studied for use in 
the formation of the above resin layer. It is required 
that the resin for use in the formation of the resin 
layer be capable of: 
10 (1) permitting heat sealing at temperatures 

appreciably lower than that of the substrate; 

(2) having high heat seal strength; 

(3) having desirable adherence to the substrate; 

(4) having transparency that is identical with or 
1 5 greater than that of the substrate; 

(5) being free from blocking during the storage; 

(6) being free from sticking to bag forming and 
filling packing jigs; 

(7) having high scratch resistance; and 

2 0 U (8) exhibiting ire^s change of the heat seal 
ntrength irrespective of the passage o£ time. 

A propylene /I -but ene random copolymer is used as 
the resin capable of forming the resin layer which is to 
become a heat seal portion. It is known that this 

2 5 copolymer has excellent transparency and low- temperature 



sealing properties and has relatively good blocking 
resistance . 

In the lamination of the propylene/l-butene random 
copolymer onto a surface of the crystalline 
(yv5 polypropylene film, "i-fte^ecib e 1 O f the lamrnatxng speed xs 

A 

likely to cause molding problems such as increases of 
surging (film fluctuation) and neck-in. For solving 
these laminating problems, it was proposed to blend low- 
density polyethylene with the propylene/l-butene random 

10 copolymer (see Japanese Patent Laid-open Publication No. 
54(1979) -120656) . 

However, in recent years, the progress in 
increasing the speed of wrapping machines is remarkable, 
so that there is a strong demand in the art for the 

1 5 development of a propylene/l-butene random copolymer 
composition suitable for a laminate molding of a 
composite film which not only permits sealing at lower 
temperatures, namely, has excellent low- temperature 

CA^_ sealing properties^ but also is excellent in blocking 

A. 

2 0 resistance and further for the development of the above 
composite film. 
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OBJECT OF THE INVENTION 
The present invention has been made with a view 
toward solving the above problems of the prior art, and 
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the object of the present invention is to provide a 
propyl ene/1 -but ene random copolymer composition suitable 
for a laminate molding of a composite film which is 
excellent in low- temperature sealing properties and 
blocking resistance and to provide the composite film 
thereof . 



The laminating propylene /1-butene random copolymer 
composition of the present invention comprises 50 to 97% 
by weight of a propylene/ 1-butene random copolymer (A) 
and 50 to 3% by weight of a low-density polyethylene 



the above propylene/ 1-butene random copolymer (A) : 

(1) comprising 50 to 95 mol% of structural units 
derived from propylene and 5 to 50 mol% of structural 
units derived from 1-butene; 

(2) exhibiting a melt flow rate (measured at 23 0°C 
under a load of 2.16 kg in accordance with ASTM D 1238) 
of 0.1 to 40 g/10 min; 

(3) having a molecular weight distribution (Mw/Mn) , 
measured by gel permeation chromatography (GPC) , of up 
to 3 ; and 



SUMMARY OF THE INVENTION 



(B) , 
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(4) having a B-value, being a parameter indicating 
a randomness of copolymer monomer chain distribution, of 
1.0 to 1.5, and 

the above low-density polyethylene (B) : 
5 (1) exhibiting a melt flow rate (measured at 190°C 

under a load of 2.16 kg in accordance with ASTM D 1238) 
of 1 to 30 g/10 ruin; and 

(2) having a density of not greater than 0.940 
g/cm 3 . 

10 In the present invention, preferably, 

the propyl ene/l-butene random copolymer (A) : 
(4) has a B-value, being a parameter indicating a 
randomness of copolymer monomer chain distribution, of 
1.0 to 1.3; 

15 (5) has a melting point (Tm) , measured by a 

differential scanning calorimeter, of 60 to 140°C, 

the above melting point, Tm, and a content of 1- 
butene structural units, M (mol%) , satisfying the 
relationship: 

2 0 -2.6 M + 130 < Tm < -2.3 M + 155; and 

(6) has a crys tallinity measured by X-ray 
dif f ractometry , C(%), this crystallinity and the content 
of 1-butene structural units, M (mol%) , satisfying the 
relationship : 

25 C > -1.5 M + 75, and 
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the above low-density polyethylene (B) : 

(3) exhibits a melt flow rate (measured at 190°C 
under a load of 2.16 kg in accordance with ASTM D 1238) 
of 1 to 25 g/10 min; and 
5 (4) has a density of 0.915 to 0.935 g/cm 3 . 

The propylene /1-butene random copolymer (A) may be 
obtained by copolymerizing propylene and 1-butene in the 
presence of an olefin polymerization catalyst, 

the above olefin polymerization catalyst 

1 0 comprising : 

(a) a transition metal compound represented by the 

general formula : 




wherein : 

M represents a transition metal of Group IVa, Va or 
Via of the periodic table; 

each of R 1 and R 2 independently represents a 
hydrogen atom, a halogen atom, a hydrocarbon group 
having 1 to 2 0 carbon atoms, a halogenated hydrocarbon 
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group having 1 to 20 carbon atoms, a silicon-containing 
group, an oxygen-containing group, a sulfur-containing 
group, a nitrogen-containing group or a phosphorus- 
containing group; 
5 R 3 independently represents a secondary or tertiary 

alkyl group having 3 to 20 carbon atoms or an aromatic 
group having 6 to 2 0 carbon atoms; 

R 4 independently represents a hydrogen atom or an 
alkyl group having 1 to 2 0 carbon atoms ; 
1 0 each of X 1 and X 2 independently represents a 

hydrogen atom, a halogen atom, a hydrocarbon group 
having 1 to 2 0 carbon atoms, a halogenated hydrocarbon 
group having 1 to 2 0 carbon atoms, an oxygen-containing 
group or a sulfur-containing group; 
1 5 y represents a divalent hydrocarbon group having 1 

to 2 0 carbon atoms, a divalent halogenated hydrocarbon 
group having 1 to 20 carbon atoms, a divalent silicon- 
containing group, a divalent germanium-containing group, 
a divalent tin-containing group, -O-, -CO-, -S-, -SO-, 
20 -S0 2 -, -NR 5 -, -P(R 5 )-, -P(0)(R 5 )-, -BR5- or -AlR 5 - 

(provided that R 5 represents a hydrogen atom, a halogen 
atom, a hydrocarbon group having 1 to 20 carbon atoms or 
a halogenated hydrocarbon group having 1 to 20 carbon 
atoms) , 
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(b) an organo aluminum oxy compound (b-1) and/ or a 
compound (b-2) capable of reacting with, the transition 
metal compound (a) to thereby form an ion pair, and 
optionally 
5 (c) an organo aluminum compound. 

The composite film of the present invention 
comprises a substrate film and, laminated onto at least 
one side thereof, a resin layer of the above laminating 
propyl ene/1 -but ene random copolymer composition of the 
1 0 present invention, the above resin layer having a 
thickness of 2 to 200 [im. 



DETAILED DESCRIPTION OF THE INVENTION 
The laminating propylene/ 1-butene random copolymer 
1 5 composition and composite film formed using the same 

according to the present invention will be described in 
detail below. 

As mentioned above, the laminating propylene/ 1- 
butene random copolymer composition of the present 
2 0 invention comprises a propylene/ 1-butene random 

copolymer (A) and a low-density polyethylene (B) . 

Propylene /1-butene random copolymer (A) 

The propyl ene /I -but ene random copolymer (A) for use 
in the present invention comprises : 
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50 to 95 mol%, preferably, 55 to 93 mol% and, still 
preferably, 60 to 90 mol% of structural units derived 
from propylene, and 

5 to 50 mol%, preferably, 7 to 45 mol% and, still 
5 preferably, 10 to 40 mol% of structural units derived 
from 1-butene. 

The propylene /1-butene random copolymer (A) may 
contain structural units derived from an olefin other 
than propylene and 1-butene in a small amount of, for 
10 example, not greater than 10 mol%, preferably, not 
greater than 5 mol%. 

The propylene/ 1-butene random copolymer (A) for use 
in the present invention exhibits a melt flow rate 
(measured at 230°C under a load of 2.16 kg in accordance 
15 with ASTM D 1238) of 0.1 to 40 g/10 min, preferably, 0.5 
to 30 g/10 min and, still preferably, 1 to 20 g/10 min. 

The propylene /1-butene random copolymer (A) for use 
in the present invention has a molecular weight 
distribution (Mw/Mn) , measured by gel permeation 
2 0 chromatography (GPC) , of up to 3 , preferably, up to 2.5. 

The propylene/ 1-butene random copolymer (A) for use 
in the present invention has a B-value, being a 
parameter indicating a randomness of copolymer monomer 
chain distribution, of 1.0 to 1.5, preferably, 1.0 to 
2 5 1.3 and, still preferably, 1.0 to 1.2. 
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col e& ^ 

— This parameter B-value, proposed by B.D. Guie-marT""" 

A 

and T.G. Fox, (J. Polym. Sci w Al, 3183 (1963)), is 
defined by the formula: 

B = Pi 2 /(2Pi-P 2 ) 
5 wherein Pi and P2 represent first monomer and 

second monomer content fractions, respectively, and P12 
represents the proportion of (first monomer )-( second 
monomer) chains to all bimolecular chains. 

When the B-value is 1, the Bernoulli's statistics 
10 applies. When the B-value is smaller than 1 (B < 1) , 
the copolymer is arranged in the form of block chains. 
On the other hand, when the B-value is greater than 1 (B 
> 1) , the copolymer is arranged in the form of alternate 
chains . 

15 It is preferred that, in addition to the above 

properties, the propylene /1-butene random copolymer (A) 
for use in the present invention have a melting point 
(Tm) , measured by a differential scanning calorimeter, 
of 60 to 140°C, especially, 80 to 130°C. It is also 
2 0 preferred that the above melting point, Tm, and a 

content of 1-butene structural units, M (mol%) , satisfy 
the relationship: 

-2.6 M + 130 < Tm < -2.3 M + 155. 

When the melting point of the propyl ene/1 -but ene 
2 5 random copolymer exceeds 140°C, the suitable film heat 
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sealing temperature becomes as high as 13 0°C or above. 
On the other hand/ when the melting temperature is lower 
(J\^ than 60°C, the scratch resistance i^d^£^£i^^arted. 

although the low- temperature heat sealing properties are 
5 improved and, further, film blocking may occur during 
the storage, thereby rendering the practical use 
difficult . 

Moreover, the propylene/ 1-butene random copolymer 
(A) preferably has a crystallinity measured by X-ray 
10 dif fractometry, C(%), this crystallinity and the content 
of 1-butene structural units, M (mol%) , satisfying the 
relationship : 

C > -1.5 M + 75. 

The crystallinity of the propylene /1-butene random 
15 copolymer (A) preferably ranges from 15 to 65%, still 
preferably, from 20 to 60%. 

The use of the propylene/ 1-butene random copolymer 
(A) whose crystallinity falls within the above range 
enables obtaining a composition capable of providing a 
2 0 film which is excellent in not only scratch resistance 
and low- temperature heat sealing properties^ but also 
blocking resistance. 

The propylene /1-butene random copolymer (A) for use 
in the present invention may contain position irregular 
2 5 units attributed to 2 , 1-insertion of propylene monomer 
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in a ratio to all propylene structural units of 0.05% or 
more, which ratio can be determined by 13 C~NMR spectrum. 
In the polymerization, the propylene monomer rarely 
undergoes 2 , 1-insertion although it generally undergoes 
5 1, 2-insertion (methylene side is bonded with the 

catalyst) . The 2 , 1-inserted monomer forms position 
irregular units in the polymer. 

The ratio of 2, 1-inserted propylene monomer to all 
propylene structural units can be determined by the use 
10 of 13 C-NMR with reference to Polymer, 10(1989), 1350. 
. The ratio is calculated by the formula: 



{Ratio of position irregular units attributed to 2,1- 
insertion} = 

15 {0. 5l(X|3{ structures (iii), (v) ) + 0 . 25lap ( structure (iv) } } 



{laa + lap (structures (iii), (v) ) + 

0.5 (lay + lap (structure (iv) ) + IaS} . 



x 100 



2 0 The peaks were designated according to the method 

of Carman et al . (Rubber Chem. Technol . , 44(1971), 781). 
lap and the like represent the area of peak aP and the 

like. 

When it is difficult to directly determine the area 
2 5 of lap and the like from the spectrum because of, for 
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Ok^ example, the overlapping of peaks ^carbon peak having 

the corresponding area can be used in place of the same. 

The propylene /l -but ene random copolymer (A) for use 
in the present invention may contain position irregular 
5 units attributed to 1, 3-insertion of propylene monomer 
in an amount of up to 0.05%. 

The amount of 3 consecutive chains attributed to 
1, 3 -insertion of propylene can be determined by (5y peak 

(resonance at about 27.4 ppm) . 
1 0 The above propylene/l-butene random copolymer (A) 

can be obtained by copolymeriEing propylene and 1-butene 
in the presence of an olefin polymerization catalyst 

(metallocene catalyst) comprising: 

(a) a specified transition metal compound 
1 5 (metallocene compound) , 

(b) an organo aluminum oxy compound (b-1) and/or a 
compound (b-2) capable of reacting with the transition 
metal compound (a) to thereby form an ion pair, and 
optionally 

2 0 (c) an organoaluminum compound. 

Transition metal compound (metallocene compound) (a) 
The above transition metal compound (a) is 
represented by the general formula: 
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. . . [I] 



In the formula, M represents a transition metal of 
Group IVa, Va or Via of the periodic table. Preferred 
5 examples thereof include titanium, zirconium and 

hafnium. Of these, zirconium is especially preferred. 

Substituents R 1 and R 2 

Each of R 1 and R 2 independently represents a 
hydrogen atom, a halogen atom, a hydrocarbon group 
10 having 1 to 20 carbon atoms, a haloyenatiud hydrocarbon 
group having 1 to 20 carbon atoms, a silicon-containing 
group, an oxygen-containing group, a sulfur-containing 
group, a nitrogen-containing group or a phosphorus - 
containing group . 

1 5 Substituent R 3 

Each of R- 1 independently represents a hydrocarbon 
group having 1 to 20 carbon atoms, which may be 
substituted with a halogen atom or a silicon-containing 
group. In particular, it is preferred that R 3 represent 

2 0 a secondary or tertiary alkyl group having 3 to 20 
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carbon atoms or an aromatic group having 6 to 2 0 carbon 
atoms . 

Substituent R 4 

Each of R 4 independently represents a hydrogen atom 
5 or an alkyl group having 1 to 20 carbon atoms. This 

alkyl group may be substituted with a halogen atom or a 
silicon-containing group. 

X 1 and X 2 

Each of X 1 and X 2 independently represents a 
1 0 hydrogen atom, a halogen atom, a hydrocarbon group 

having 1 to 20 carbon atoms, a halogenated hydrocarbon 
group having 1 to 20 carbon atoms, an oxygen-containing 
group or a sulfur-containing group. 

Y 

15 Y represents a divalent hydrocarbon group having 1 

to 20 carbon atoms, a divalent halogenated hydrocarbon 
group having 1 to 20 carbon atoms, a divalent silicon- 
containing group, a divalent germanium-containing group, 
a divalent tin-containing group, -0-, -CO-, -S-, -SO-, 

2 0 -S0 2 -, etc. 

It is especially preferred that Y represent an 
alkylsilylene, an alkylarylsilylene or an arylsilylene . 

Among the transition metal compounds (a) of the 
general formula [I] , those wherein R 1 is a methyl group 

2 5 are especially preferred. 
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A multiplicity of specific examples of the 
transition metal compounds (a) represented by the 
general formula (I) are set forth in Japanese Patent 
Laid-open Publication No. 8 ( 1996 ) -238729 . 
5 The above transition metal compounds for use in the 

present invention can be produced in accordance with 
pages 63-67 of Journal of Organometallic Chem. 288(1985) 
and the description and examples of European Patent 
Laid-open Publication No. 0,320,762. 
1 0 Oraanoaluminum oxv compound (b-1) 

Aluminooxanes are preferably used as the above 
organoaluminum oxy compound (b-1) . For example, use is 
made of methylaluminooxane, ethylaluminooxane, 
methylethylaluminooxane and the like which individually 
1 5 have generally about 3 to 50 repeating units represented 
by the formula: -Al (R) O- wherein R represents an alkyl 
group. These aluminooxanes can be produced by the 
conventional process . 

Also, the organoaluminum oxy compound (b-1) may be 
2 0 benzene-insoluble organoaluminum oxy compounds listed by 
way of example in Japanese Patent Laid-open Publication 
No, 2 (1990) -7HG87 . 

Compound (b-2) capable of reacting with 
transition metal compound (a) to thereby form ion pair 
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Examples of the compounds (ionizing ionic 
compounds) (b-2) capable of reacting with the transition 
metal compound (a) to thereby form an ion pair, employed 
in the present invention, include Lewis acids listed in 
5 U.S. Patent No. 5,321,106 such as triphenyl boron, MgCl2, 
AI2O3 and Si02-Al203. 

These ionizing ionic compounds (b-2) can be used 
either individually or in combination. 

Orcranoaluminum compound (c) 

10 Examples of the organoaluminum compounds (c) 

employed according to necessity in the present invention 
include trialkylaluminums , dialkylaluminum halides, 
alkylaluminum sesquihalides and alkylaluminum dihalides . 
These organoaluminum compounds can be used either 

1 5 individually or in combination. 

The olefin polymerization catalyst for use in the 
present invention is formed from the above transition 
metal compound (a) , organoaluminum oxy compound (b-1) 
and/or ionizing ionic compound (b-2), and optionally the 

2 0 organoaluminum compound (c) . The olefin polymerization 

catalyst can be prepared by mixing in an inert 
hydrocarbon solvent or an olefin solvent the above 
transition metal compound (a) , organoaluminum oxy 
compound (b-1) and/or ionizing ionic compound (b-2), and 
2 5 optionally the component (c) . 
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Further, in the present invention, an olefin 
prepolymerization can be conducted in the above olefin 
polymerization catalyst forming components before the 
use thereof . 

5 Examples of suitable olefins used in the 

prepolymerization include propylene, ethylene and 1- 
butene. However, also, use can be made of mixtures 
thereof with other olefins. 

The propyl ene/1 -but ene random copolymer (A) for use 
10 in the present invention can be produced by 

copolymer! zing propylene and 1-butene in the presence of 
the above olefin polymerization catalyst. 

This polymerization can be performed by any of the 
liquid phase polymerization techniques such as 
(Al 5 suspension pod^Tmer^^rt^ 

CX^_ polymerization ^te-e^h nique and fehe- vapor phase 
polymerization feeefe»gtte^ 

The molecular weight of the obtained propylene/ 1- 
butene random copolymer (A) can be regulated by causing 
2 0 hydrogen to be present in the polymerization system or 
by changing the polymerization temperature and 
polymerization pressure. 

The process for producing the propylene/ 1-butene 
random copolymer (A) is described in detail in Japanese 
2 5 Patent Laid-open Publication No. 8 (1996) -238729 . 




1 9 

The propylene /1-butene random copolymer (A) is used 
in an amount of 50 to 97% by weight, preferably, 55 to 
96% by weight and, still preferably, 60 to 95% by weight 
based on 100 % by weight of the sum of the propylene/1- 
5 butene random copolymer (A) and the low-density 
polyethylene (B) . 

Low-density polyethylene (B) 
The low-density polyethylene (B) for use in the 
present invention is preferably an ethylene homopolymer 
10 or a copolymer of ethylene and an a-olef in having 3 to 

2 0 carbon atoms, and the density thereof is preferably 
not greater than 0.940 g/cm 3 , still preferably, in the 
range of 0.915 to 0.93 5 g/cm 3 and, yet still preferably, 
in the range of 0.916 to 0.925 g/cm 3 . 
15 The above a-olefin is, for example, selected from 

among propylene, 1-butene, 1-pentene, 2 -methyl -1-butene, 
3 -methyl -1-butene, 1-hexene, 3 -methyl -1-pentene , 4- 
methyl -1-pentene, 3 , 3 -dimethyl -1-butene , 1-heptene, 
methyl -1-hexene, dimethyl -1-pentene, trimethyl-l-butene, 
2 0 ethyl -1-pentene, 1-octene, methyl -1-pentene, dimethyl- 1- 
hexene, trimethyl -1-pentene, ethyl -1-hexene, 
me thy 1 e thy 1 - 1 -pen t ene , di e thy 1 - 1 -bu t ene , propyl - 1 - 

pen t ene , 1 -decene , me thyl - 1 -nonene , dime thyl - 1 -oc t ene , 
trimethyl-l-heptene, ethyl-l-octene, methylethyl-1- 
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heptene, diethyl -1-hexene, 1-dodecene and 1- 
hexadodecene . 

These a-olefins can be used either individually or 

in combination. 
5 The low-density polyethylene (B) for use in the 

present invention exhibits a melt flow rate (MFR; 
measured at 190°C under a load of 2.16 kg in accordance 
with ASTM D 1238) of 1 to 30 g/10 min, preferably, 1 to 
25 g/10 min and, still preferably, 3 to 20 g/10 min. 

1 0 The above low-density polyethylene (B) can be 

produced by conventional processes, for example, the 
high pressure process. The production of the low- 
density polyethylene (B) with the above properties can 
be conducted in the presence of metallocene catalyst. 

1 5 The low-density polyethylene (B) is used in an 

amount of 5 0 to 3% by weight, preferably, 45 to 4% by 
weight and, still preferably, 40 to 5% by weight based 
on 100 % by weiqht of the sum of the propylene/ 1-butene 
random copolymer (A) and the low-density polyethylene 

2 0 (B) . When laminated onto a surface of a crystalline 
polypropylene film, the propylene/ 1-butene random 
copolymer (A) composition containing the low-density 
polyethylene (B) in the above amount exhibits excellent 
moldability without suffering from surging or neck-in 

2 5 enlargement even if the laminating speed is increased. 
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Other components 
The laminating propylene/ 1-butene random copolymer 
composition of the present invention can contain, in 
addition to the above propylene/ 1-butene random 
5 copolymer (A) and low-density polyethylene (B) , various 
additives such as an antioxidant, an ultraviolet 
absorber, a lubricant, a nucleating agent, an antistatic 
agent, a flame retarder, a pigment, a dye and an organic 
or inorganic filler in an amount not detrimental to the 
1 0 object of the present invention. 

Preparation of laminating propylene /1-butene 
random copolymer composition 
The laminating propylene /1-butene random copolymer 
composition of the present invention can be prepared by 
15 any of common blending techniques. For example, the 
composition can be prepared by mixing the above 
components by means of a mixing machine such as a V- 
blender, a ribbon blender or a Henschel mixer, or by 
kneading the above components by a kneading machine such 
2 0 as an extruder, a mixing roll mill, a Banbury mixer or a 
kneader . Further, the laminating propylene /1-butene 
random copolymer composition of the present invention 
can also be prepared by mixing or kneading the above 
components by the use of the above mixing and kneading 
2 5 means in combination. 
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Composite film 



The composite film of the present invention 
comprises a substrate film and, laminated onto at least 
one side thereof, a resin layer of the above laminating 
5 propylene /l -but ene random copolymer composition of the 
present invention, the above resin layer having a 
thickness of 2 to 200 Jim, preferably, 10 to 60 jam. 

Examples of polymers suitably used in the substrate 
film include: 

1 0 polyolef ins such as polypropylene and poly-1- 



polyamides such as nylon 6 and nylon 66; and 
polyesters such as polyethylene terephthalate and 

polybutylene terephthalate. These may be in the form of 
15 a nonoriented film or may be in the form of a uniaxial ly 

or biaxially oriented film. A biaxially oriented 

polypropylene film is especially preferred. 

It is preferred that the polypropylene used in the 

molding of this polypropylene film be propylene 
2 0 homopolymer or a random or block copolymer of propylene 

and another a-olefin such as ethylene or 1-butene 

(generally, the content of propylene structural units is 
at least 90 mol%) whose boiling n-heptane insoluble 
content is at least 90%, especially, at least 93%. 



but ene ; 
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The above polypropylene can be produced with the 
use of, as a typical example, a catalyst composed of a 
solid titanium catalyst component and an organometallic 
compound catalyst component or a catalyst composed of 
5 these components and an electron donor. 

As the above solid titanium catalyst component, 
there can be mentioned, for example, a titanium 
trichloride or titanium trichloride composition produced 
by various methods, or a supported titanium catalyst 
1 0 component comprising magnesium, a halogen, an electron 
donor (preferably, an aromatic carboxylic acid ester or 
alkylated ether) and titanium as essential ingredients. 
A supported titanium catalyst component having a 
specific surface area of at least 100 m 2 /g is especially 
1 5 preferred. 

The above organometallic compound catalyst 
component is preferably an organoaluminum compound such 
as a trialkylaluininum, a dialkylaluminum halide, an 
alkylaluminum sesguihalide or an alkylaluminum dihalide. 
2 0 The suitability of such a compound as the catalyst 

component depends on the type of the titanium catalyst 
component. Thus, it is preferred that the 
organoaluminum compound for use be selected in 
conformity with the type of employed titanium catalyst 
2 5 component . 
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The above electron donor is, for example, selected 
from among organic compounds containing nitrogen, 
phosphorus, sulfur, oxygen, silicon, boron, etc. 
Preferred examples thereof are esters and ethers. 
5 The crystalline polypropylene can be produced by 

the conventional process using the above conventional 
solid titanium catalyst component or metallocene 
compound catalyst component. 

With respect to the polypropylene resin (A) , either 
1 0 may a single variety be used individually or a plurality 
of different varieties may be used in combination. 

The composite film of the present invention can be 
produced, for example, by performing an extrusion 
coating of the above laminating propylene/ 1-butene 
1 5 random copolymer composition of the present invention 
through a T-die onto a substrate. 

EFFECT OF THE INVENTION 
The laminating propylene /1-butene random copolymer 
2 0 composition of the present invention is excellent in 

laminate moldability and enables producing a composite 
film having excellent low- temperature sealing 
properties, blocking resistance and hot tack. 

By virtue of the structure comprising a substrate 
2 5 film and, laminated onto at least one side thereof, the 
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laminating propylene/ 1 -but ene random copolymer 
composition of the present invention, the composite film 
of the present invention has excellent low- temperature 
sealing properties, blocking resistance, slip properties 
5 and hot tack. 

EXAMPLE 

The present invention will now be illustrated in 
greater detail with reference to the following Examples, 
1 0 which in no way limit the scope of the invention. 

Properties and characteristics of the propylene/ 1- 
butene random copolymer were measured by the following 
methods . 

(1) Propylene content and 1-butene content: 

1 5 determined by the use of 13 C-NMR. 

(2) MFR: 

measured at 230°C under a load of 2.16 kg in 
accordance with ASTM D 1238. 

(3) Molecular weight distribution (Mw/Mn) : 

2 0 measured by the use of GPC-150C manufactured by 

Millipore . 

Specifically, use was made of separating column TSK 
GNH HT having a size of 27 mm in diameter and 600 mm in 
length. The column was heated at 140°C, and o- 
2 5 dichlorobenzene (produced by Wako Pure Chemical 
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Industries Ltd.) and 0.025% by weight BHT (produced by 
Takeda Chemical Industries, Ltd.) were used as a mobile 
phase and an antioxidant, respectively. The moving 
velocity was set at 1.0 ml/min, and the sample 
5 concentration and injected sample quantity were 0.1% by 
weight and 500 respectively. A differential 

ref ractometer was used as the detector. 

Standard polystyrene produced by Tosoh Corporation 
was used for molecular weights Mw < 1000 and Mw > 4 x 

10 10 6 , and standard polystyrene produced by Pressure 

Chemical was used for molecular weights Mw satisfying 
the relationship 1000 < Mw < 4 x 10 6 . 
(4) B-Value: 

About 2 00 mg of copolymer was homogeneously 

1 5 dissolved in 1 ml of hexachlorobutadiene in a sample 

tube having a diameter of 10 mm. 13 C-NMR spectrum of a 
sample thereof was taken under measuring conditions such 
that the measuring temperature, measuring frequency, 
spectrum width, filter width, pulse cycle time and 

2 0 integration times wore 120°C, 25.05 MHz, 1500 Hz, 1500 
Hz, 4.2 sec and 2000 to 5000 times, respectively. PE/ 
Po and Poe were determined from the spectrum, and the B- 
value was calculated by the use of the formula given 
hereinbefore . 

25 (5) Melting point (Tm) : 
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measured by the use of differential scanning 
calorimeter (DSC) , model DSC-7 manufactured by Perkin 
Elmer . 

Specifically, about 5 mg of a sample was packed in 
5 an aluminum pan, heated to 200°C, held at 200°C for 5 
min, cooled to -40°C at a rate of 10°C/min and held at 
-40°C for 5 min. Thereafter, the temperature was raised 
at a rate of 10°C/min, thereby obtaining an endo thermic 
curve from which the melting point was determined. 

10 (6) Crystallinity : 

A 1 . 0 mm thick pressed sheet having been allowed to 
stand still for at least 24 hr after molding was 
analyzed by X-ray dif f ractometry from which the 
crystallinity was determined. 

1 5 The composite films obtained in the Examples and 

Comparative Examples were tested with respect to the 
haze, change of haze with the passage of time, gloss, 
slip properties, change of slip properties with the 
passage of time, blocking resistance, change of blocking 

2 0 resistance with the passage of time, interlayer bonding 
strength, heat sealing properties and hot tack. The 
following testing methods were employed. 
(1) Haze: 

measured in accordance with ASTM D 1003 . 
2 5 (2) Change of haze with the passage of time: 
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The composite film was held at 80°C for 3 days and 
allowed to cool, and its haze was measured in the same 
manner as in item (1) above. 

(3) Gloss: 

5 measured in accordance with ASTM D 523 . 

(4) Slip properties (coefficient of static friction and 
coefficient of dynamic friction) : 

The composite film was annealed at 40°C for one 
day, and the coefficient of static friction and 
1 0 coefficient of dynamic friction of the surface of the 

layer of propylene /I -but ene random copolymer composition 
were measured in accordance with ASTM D 1894. 

(5) Change of slip properties with the passage of time: 

The composite film was held at 40°C for one week 
15 and allowed to cool, and the coefficient of static 

friction and coefficient of dynamic friction thereof 
were measured in the same manner as in item (4) above. 

(6) Blocking resistance (blocking strength) : 

Two composite films were piled one upon the other 
2 0 so that their propylene/ 1-butene random copolymer 

composition layers contacted each other and annealed at 
5 0°C for one day, and the blocking strength was measured 
in accordance with ASTM D 1893 . 

(7) Change of blocking resistance with the passage of 
2 5 time: 
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The composite films were held at 5 0°C for one week 
and allowed to cool, and the blocking strength was 
measured in the same manner as in item (6) above. 

(8) Inter layer bonding strength: 

5 A 15 mm wide test piece was cut from the composite 

film. The layers were peeled from each other at one 
edge of the test piece, and the interlayer bonding 
strength (peeling strength) between the substrate film 
layer and the propylene /1-butene random copolymer 
1 0 composition layer was measured by the use of Instron 

tensile tester in accordance with the T-peel method in 
which the peeling was conducted at a speed of 3 00 
mm/min. 

(9) Heat sealing properties (heat sealing bonding 
1 5 strength) : 

Two composite films were piled one upon the other 
so that their propylene/ 1-butene random copolymer 
composition layers contacted each other, heat sealed at 
each of 80°C, 90°C, 100°C, 110°C, 120°C and 130°C under 
2 0 a pressure of 2 kg/cm 2 for one second, this heat sealing 
conducted at a seal bar width of 5 mm, and allowed to 
cool . 

A 15 mm wide test piece was cut from each of the 
composite films heat sealed at the above varied 
2 5 temperatures, and the peeling strength of each test 
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piece was measured by peeling the heat sealed portion at 
a cross head speed of 2 00 mm/min. 
(10) Hot tack: 

Two composite films were piled one upon the other 
5 so that their propylene /l -but ene random copolymer 

composition layers contacted each other and heat sealed 
at each of 8Q°C, 90°C, 100°C, 110°C, 120°C and 130°C 
under a pressure of 2 kg/cm 2 for one second. After the 
heat sealing, a load of 45 g was applied and a peeled 
1 0 distance of the sealed portion was measured. 

Production Example 1 

Production of propylene /1-butene random 
copolymer (PBR-1) 

1 5 900 ml of hexane and 60 g of 1-butene were charged 

into a 2-lit. autoclave satisfactorily purged with 
nitrogen. 1 mmol of triisobutylaluminum was added 
thereto and heated to 70°C. Subsequently, propylene was 
fed to a total pressure of 7 kg/cm 2 -G, and 0.30 mmol of 

2 0 methylaluminooxane and 0.001 mmol, in terms of Zr atom, 
of rac -dimethyl silylene-bis [1- (2-methyl-4- 
phenylindenyl) ] zirconium dichloride were added. 
Polymerization was carried out for 3 0 min while 
continuously supplying propylene and while maintaining 

2 5 the total pressure at 7 kg/cm 2 -G. After the 
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polymerization, deaeration was conducted and a polymer 
was recovered in a large volume of methanol . The 
polymer was dried in vacuum at 110°C for 12 hr. 
The yield of the thus obtained polymer 
5 (propylene/ 1-butene random copolymer (PBR-1) ) was 39.7 
g, so that the polymerization activity was 79 kg- 
polymer /mmolZr-hr . 

This polymer was analyzed and it was found that the 
content of structural units derived from 1-butene was 24 

10 mol%, the melt flow rate (measured at 230°C under a load 
of 2.16 kg in accordance with ASTM D 1238) was 20 g/10 
min, the molecular weight distribution (Mw/Mn) 
determined by GPC was 2.1, the B-value was 1.00, the 
melting point (Tm) was 91°C and the crystallinity 

15 determined by X-ray dif f ractometry was 40%. 



Production Example 2 

Production of propylene/ 1-butene random 

copolymer (PBR-2) 

2 0 830 ml of hexane and 100 g of 1-butene were charged 

into a 2-lit. autoclave satisfactorily purged with 
nitrogen. 1 mmol of triisobutylaluminum was added 
thereto and heated to 70°C. Subsequently, propylene was 
fed to a total pressure of 7 kg/cm 2 -G, and 1 mmol of 

2 5 triethylaluminum and 0.005 mmol, in terms of Ti atom, of 
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titanium catalyst supported on magnesium chloride were 
added. Polymerization was carried out for 3 0 min while 
continuously supplying propylene and while maintaining 
the total pressure at 7 kg/cm 2 -G. After the 
5 polymerization, deaeration was conducted and a polymer 
was recovered in a large volume of methanol. The 
polymer was dried in vacuum at 110°C for 12 hr. 

The yield of the thus obtained polymer 
(propylene/l-butene random copolymer (PBR-2)) was 33.7 
10 g, so that the polymerization activity was 14 kg- 
polymer/mmolZr-hr . 

This polymer was analyzed and it was found that the 
content of structural units derived from 1-butene was 24 
mol%, the melt flow rate (measured at 23 0°C under a load 
15 of 2.16 kg in accordance with ASTM D 1238) was 20 g/10 
min, the molecular weight distribution (Mw/Mn) 
determined by GPC was 4.2, the B-value was 0.92, the 
melting point (Tm) was 110°C and the crys tallini ty 
determined by X-ray diffrac tome try was 48%. 

20 

Example 1 \ 

Preparation of propvlene/l-butene 
random copolymer composition 
9 0 parts by weight of propylene/l-butene random 
2 5 copolymer (PBR-1) obtained in Production Example 1 and 
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10 parts by weight of low-density polyethylene (density: 
0.917 g/cm 3 , MFR: 7 g/10 min, crys tallinity : 4%, eo atent - 

(]^ c^tent^pLf, s true tur a l^aj^s-dar i ved froj p^pj^Pvl^rxB^^ 
^ rrtai%^ were mixed together in molten state at 280°C / 

thereby obtaining a propyl ene/1 -but ene random copolymer 

composition . 

An extrusion coating (laminate molding) of this 
composition was performed on a biaxially oriented 
10 polypropylene film layer having a thickness of 20 Jim 
under the following conditions, thereby forming a 
composite film. 
Molding conditions 

Film layer construction and thickness of each 
15 layer: thickness of biaxially oriented polypropylene 
film layer (substrate film layer) /thickness of 
composition layer = 20 |im/20 jum, 

Molding machine: extruder with a die diameter of 65 
mm (for composition layer) , temperature set at 280°C, 
2 0 and 

Molding speed: 80 m/min. 

The thus obtained composite film was subjected to 
the above tests, and the test results are given in Table 
1. 
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In the above laminate molding, the molding speed 
was gradually increased and not only was the maximum 
laminating speed (m/min) as an index for the laminate 
moldability determined but also the neck- in (mm) thereat 
5 was measured. The terminology "maximum laminating 
S p ee d» used herein means the molding speed at which 
surging occurs when only the take-off speed is increased 
while extruding the composition into a layer having a 
thickness of 2 0 |Lim on a biaxially oriented polypropylene 

10 film at a speed of 80 m/min. 

The results are given in Table 1. 

Example 2 

Propylene/ 1-butene random copolymer composition was 
15 prepared' in the same manner as in Example 1, except that 
the amounts of the propylene /1-butene random copolymer 
(PBR-1) and low-density polyethylene were changed to 80 
parts by weight and 20 parts by weight, respectively. 

A composite film was prepared by the same laminate 
2 0 molding as in Example 1 and was subjected to the above 
tests. The test results are given in Table 1. 

In the above laminate molding, the molding speed 
was gradually increased and not only was the maximum 
laminating speed (m/min) as an index for the laminate 
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moldability determined but also the neck- in (ram) thereat 
was measured. 

The results are given in Table 1. 



5 Comparative Example 1 

A laminate molding of composite film was performed 
in the same manner as in Example 1, except that the 
propylene /l -but ene random copolymer (PBR-1) was used 
alone in place of the propylene/ 1-butene random 
10 copolymer composition of Example 1. The obtained 

composite film was subjected to the above tests and the 
test results are given in Table 1. 

In the above laminate molding, the molding speed 
was gradually increased and not only was the maximum 
1 5 laminating speed (m/min) as an index for the laminate 

moldability determined but also the neck-in (mm) thereat 
was measured . 

The results are given in Table 1. 



2 0 Comparative Example 2 

Propylene/ 1-butene random copolymer composition was 
prepared in the same manner as in Example 1, except that 
90 parts by weight of the propyl ene /I -but ene random 
copolymer (PBR-2) obtained in Production Example 2 was 
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used in place of 90 parts by weight of the propylene/1- 
butene random copolymer (PBR-1) . 

A composite film was prepared by the same laminate 
molding as in Example 1 and was subjected to the above 
5 tests . The test results are given in Table 1 . 

In the above laminate molding, the molding speed 
was gradually increased and not only was the maximum 
laminating speed (m/min) as an index for the laminate 
moldability determined but also the neck-in (mm) thereat 
1 0 was measured. 

The results are given in Table 1. 



Comparative Example 3 

Propylene /l -but ene random copolymer composition was 

1 5 prepared in the same manner as in Example 1, except that 

80 parts by weight of the propylene/ 1-but ene random 
copolymer (PBR-2) obtained in Production Example 2 was 
used in place of 90 parts by weight of the propylene/ 1- 
butene random copolymer (PBR-1) and that the amount of 

2 0 the low-density polyethylene was changed to 20 parts by 

weight . 

A composite film was prepared by the same laminate 
molding as in Example 1 and was subjected to the above 
tests. The test results are given in Table 1. 
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In the above laminate molding, the molding speed 
was gradually increased and not only was the maximum 
laminating speed (m/min) as an index for the laminate 
moldability determined but also the neck-in (mm) thereat 
5 was measured. 

The results are given in Table 1 




Table 1 





Example 


Comparative Exam. 


1 


2 


1 


2 


3 


Composition of laminate 
PBR- (1) or (z ) 

propylene cont. (mol%) 


(1) 
76 


(1) 
76 


(1) 
76 


(2) 
76 


(2) 
76 


1-butene cont. (M) 

(mol%) 


24 


24 


24 


24 


24 


MFR (cr/lOmin) 


20 


20 


20 


20 


20 


Mw/Mn 


2.1 


2.1 


2.1 


4.2 


4.2 


B-value 


1.00 


1 . 00 


1.00 


0.92 


0.92 


Tm (°C) 




Q 1 
y I 


Q 1 
y I 


1 1 n 


i in 

11U 


crystallinitv (C) (%) 


40 


40 


40 


48 


48 


Low-density polyethylene 

(II) 

MFR (cr/10min) 


7 


7 


7 


7 


7 


density (q/cm 3 ) 


0.917 


0.917 


0.917 


0 .917 


0 .917 


Wt . ratio of (I) / (II) 


90/10 


80/20 


100/0 


90/10 


80/20 


Laminate moldability 
max. lamination speed 

(m/min) 


140 


150 


50 


140 


150 


neck-in (ram) 


50 


50 


150 


60 


50 



Note: PBR-(l) = propylene/ 1-butene random copolymer (1) . 

PBR-{2) = propylene /1-butene random copolymer (2). 
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Table 1 (Continued) 



Film properties 
Haze 



(%) 



Example 



1.3 



1.9 



Comparative Exam 



1 



1.7 



2.2 



3.0 



Change with time of haze 
ill 



1.5 



2.2 



1.9 



2.8 



Gloss 

Slip properties 

coeff. of static 

friction 

coeff. of dynamic 
friction __ 



(%) 



134 



128 



130 



104 



0.3 
0.2 



0.2 
0.2 



0.3 
0.3 



Slip properties (change 
with time) 

coeff. of static 

friction 

coeff. of dynamic 
friction 



0.2 
0.2 



Blocking resistance 

(mN/cm) 



0.2 
0.2 



0.3 
0.3 



0.6 
0.5 



0.7 
0.5 



25 



4.1 



90 



0.4 
0.4 



0.5 
0.4 



20 



Blocking resistance 
(change w. time) (mN/cm) 



12 



44 



38 



Interlayer bonding 
strength (N/15mm) 



3.0 



3 . 1 



2.6 



2.8 



Heat Sealing bonding 
strength (N/15mm) 
sealing temp. 80°C 

9 0°C 
100°C 
110°C 
120°C 
130°C 



1.7 
4 . 2 
9.2 
13 .5 
14.4 
13 .9 



1.5 
4 . 5 
8.9 
13 .3 
14.1 
13 .8 



2.0 
4.9 
9.7 
14 .0 
14.2 
14.6 



1.4 
5.2 
10 .6 
13 .3 
14.5 



Hot tack [mm] 



80°C 
90°C 
100°C 
110°C 

12 0°C 

13 0°C 



Note: PBR-(l) = propylene/ 1- 
PBR-(2) = propylene/1- 



300 
70 
15 
5 
2 
2 



300 
100 
12 
5 
4 
2 



300 
130 
20 
9 
9 
3 



300 
150 
18 
4 
3 



3.0 



1.8 
5.8 
9.2 
13.4 
13 .9 



300 
120 
11 
5 
5 



butene random copolymer (1) . 
butene random copolymer (2) . 



